In this paper, an approximate analytical model is developed for the excitation of a thin beam by a single piezoelectric actuator bonded to the surface of the beam. The premise of this work is to investigate the excitation of beams by piezoelectric actuators on a more fundamental level than present work, and then use the asymmetric model to predict a wave response, rather than a modal response, on more complicated structure/actuator systems. It is determined that the single surface mounted piezoelectric actuator simultaneously excites both flexural and 
To analytically study such control configurations, it is thus necessary to derive the more general situation of excitation of thin beams by a single actuator bonded to the beam or pairs of asymmetrically arranged actuators. As noted above, all previous actuator models have been either for pure flexure or extension; no general model for asymmetric excitation is presently available.
It is thus the thrust of the paper to develop new analytical relations based on wave approaches for the excitation of thin long beams by a single piezoceramic element bonded to the surface (asymmetric excitation). The approach is to consider that the single piezoceramic actuator drives both 
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Equation (15) is then substituted into Eq. (14), which produces the following nonhomogenous equation of motion: d2• a•2P [•5(x) •5(x L)]. (16) • -F • = K effpe ----dx 2 Een
In this case, the finite element can be seen to be equivalent to two equal and opposite line forces acting in the x direction at the ends of the element. Equation (16) is the equation of motion for extensional excitation by a single asymmetric piezoelectric actuator. This equation can also be applied to a thin beam subjected to arbitrary boundary conditions whether the solution is found using a modal or wave approach.
D. Application to infinite beam power flow
Simultaneously controlling both flexural and extensional motion in beams has been shown to be an important problem. 7 In order to efficiently control these types of vibration, it is important to be able to effectively drive both forms of motion or waves with a single pair of actuators.
In order to demonstrate the usefulness of the asymmetric beam excitation, an infinite beam will be analyzed that has two symmetrically bonded finite piezoceramic actuators as shown in Fig. 3 . The actuators are located with one edge at x = 0 and have a length L. Each piezoceramic will be treated as a single independent actuator with variable relative complex amplitude in order to study how parameters such as length, relative phase and frequency effect the power flow of the subsequent flexural and extensional waves. Note in this case, since the beam is infinite, waves will be generated in contrast to the modal response of a finite structure. In the previous work, the response of the beam structures to excitation by piezoelectric elements was primarily from a modal approach not a wave approach, however, the two situations are inherently related. It is believed that the wave approach allows a better understanding of the coupling between the actuator and beam as it is less restricted by boundary conditions. The following analysis assumes continuity of strain energy from under the actuator to the infinite beam inter- 
